1. Introduction. - It is known that the organic charge-transfer metal TTF-TCNQ (tetrathiofulvalene tetracyanoquinodimethanide) undergoes a cascade of three nearby phase transitions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The it is a very hard task to fulfill such a program for as complicated a system as TTF-TCNQ in a rigorous way. Here we limit ourselves to the monopole-monopole electrostatic interactions and the simple mean field (MF) approach as the first step to more comprehensive ab-initio calculations. [56] ). b) Definition of the molecular axes.
In our preliminary short report [24] we used the CDW-libron interaction model of Weger and Friedel [21] in which the extra charge of the molecule was located only on the nitrogens (the sulphur and end carbon) atoms. In this paper we also use another model with the more realistic picture of the charge distribution, based on the charge distribution calculations of Ladik et al. [25] [30] . In all these systems, we deal with two order parameters which are weakly coupled. In the two above-mentioned cases, this is because they characterize different physical properties. The Table 1 of reference [21] [37] inTTF7l5. Figure 4 shows the good fit of the transverse period qa = 2 nj2 as function of temperature to the experimental points.
The heat capacity was also calculated and figure 5 shows its temperature dependence. Between we put ae(T) = ae(T1) = -,---(see eq. (19) (***) The values of the CDW-longitudinal phonon matrix elements are given in meV/(10-' A). shows that the interference mechanism (eq. (31)) contributes àbout 5 to 10 % to the A 12 interaction parameter (see Table IV ).
In view of all the approximations used for the estimate of the interaction parameters we believe that they are accurate within a factor of about two. The parameters A 33 and A44 follow from experiment [22] where the mean square amplitude of the TTF and TCNQ librations were measured. The experimental uncertainties are about 30 % and our choice of the A44 and A33 parameters corresponds to the values of the force constants for a temperature of 100 K. The experimental data [22] for the TCNQ molecule show that the elastic restoring force for the il-libration is much larger (11 eV/rad.2) than for the 03BE-librations (1.4 eV/rad.2). This fact leads to the redefinition of the libron coordinate XQ. Indeed, geometrically the il-libration is the most important factor in the modulation of the S-N distance [21] [6, 11, 58] (Tpl and TP*2), the temperature dependence of the transverse period qa(T) [4, 12, 58] . and the specific heat anomaly [3, 38] . [58] , Thus, set a (Table VI) is chosen to fit both the ACp(Tp1) jump (see Table VI ) and the qa(T ) dependence (see Fig. (4) ). At first sight the correspondence between the parameters A 23 and its theoretical estimate A 023 is very poor. But if we pay attention to the large renormalization of the transition temperature (see Table VI (27)).
(**) To be compared with the expérimental value [3] of the chain integration (see Table IV ). The renormalization of the Tpl temperature is not as large as in the previous case (OTp1 -20 K) and we obtain for the same Â = 0.2 Thus the libron-CDW parameters from the set a are in good agreement with the theoretical estimate.
As was discussed at the end of the previous section, it is rather difficult to obtain a precise theoretical estimate of the CDW-CDW interaction parameters.
In fact, the first (N-S) model and the second (the unscreened all pairs interactions) model give the lower and upper bound, respectively. The value A 12 appearing in the set a (Table VI) falls in between these two estimates.
The temperature dependence of the order parameters, the transverse qa wave vector and the specific heat anomaly ACp are shown in the figures 2a, 3a, 4 and 5a and were discussed in section 2.
As was mentioned in section 2 it was not possible to reproduce the maximum of the heat capacity at 46 K, for the parameters of the set a it appears at a certain temperature below parameters (Table VIa) at a temperature T= 40 K. We feel that figure 6a and 6b deserve some detailed considerations. When we go along the line PF = 0 the free energy has a minimum at u = 0 (qa=2 n/2 a), i.e., a 2 a period. Similarly, when we go along the u = 0 line the free energy has a minimum at PF = 0. [15] . The complexity of the observed phase diagram [7, 8, 45] is probably a result of the complicated pressure variation of several terms in the LFEF. At this preliminary stage, we discuss an idealized situa- tion, where only one or two terms in the LFEF are varied arbitrarily.
In the case when A12/(A 214/A44) 1 it is natural to start from the decoupled subsystems (Pq XF) and (PF XQ) (see section 2). If A 12 = 0 we would expect two topological distinct cases. In one case, the Tpl(P) and T,2(P) lines are divergent (see Fig. 7a ). In the second case (Fig. 7b) there is a crossing point, Tpl = T,2, where the disordered and three ordered phases coexist. According to the Gibbs phase rule [46] r 2 + f at equilibrium where r is the number of the phases and f is the number of the components. For TTF-TCNQ, f = 1, so the quadruple point violates the Gibbs phase rule. In reality, a coupling between the two subsystems (through A12 # 0 in our case) splits the quadrupole point into two triple points. Two topologically different possibilities for this splitting are shown in figures 8a and 8b. In figure 8a , the AB line which *divides the disordered phase and the completely ordered phase III is a Â line of second order phase transition points. The A'B' lines in figure 8b dividing the (PQ XF) and (PF xQ) phases must be a first order transition line because of the different, symmetry of these two phases. In the region of the phase diagram where T,2 &#x3E; Tpl (the (PF XQ) phase) we can use eqs. (4)- (8) figure 8b ) is unlikely.
As was mentioned in section 2 (eq. (9)) a fourth phase is possible for u = 1 (XQ = Xf = 0, PQ PF =1= 0).
The line dividing regions of phase III and this new phase IV may intercept the AB line of figure 8a at two new multi-critical points C and D (see Fig. 10 ). Because phase III is a phase with no commensurate transverse period, the four multi-critical points A, B, C and D can be identified as of Lifshitz type which were introduced by Homreich et al. [24] in connection with magnetic systems. We note that point A (Fig. 8a) is consistent with the group theoretical considerations of E. Abrahams and I. Dzyaloshinskii [17] .
It is interesting to note that in the vicinity of the Lifschitz point A the quadratic (Tp2 -T)2 contribution is essential in p2 . This may be seen from eq. (7b) where the renormalization AC22 of the fourthorder constant in eq. (1) becomes very large near the point A (p2 Q (T p2) &#x3E; 0 when Tp2 --&#x3E; Tpl).
Concerning the first uncoupled case (Fig. 7a) , we may expect here several possibilities when the interaction A 12 is switched on. In the first one, the strong renormalization of the T2 temperature leads to the monotonic increase of Tp2 with the external parameter (say, pressure) so that the Lifshitz point is reached (Fig. 9a) . The other alternative is the fall of the Tp2(P) line. In this case, the Lifshitz point also may be reached after the initial divergence of the Tp 1 and Tp2 lines (see Fig. 9b ). Theoretically, the renormalization may be so weak that the topological character of the picture, figure 7a will not change.
To illustrate the general picture we present in figure 10 the numerical calculations of Tpl and Tp2
as function of the difference (T2 -Tl) for a highly idealized case when Ti (i = 1, 2) were changed only in the differences (T -Ti) to which the parameters Au are proportional, and the other parameters were kept fixed. Figure 11 presents in Orsay [7, 8, 45] . The weakly temperature dependent (see figure 2 ofRef. [45] , and figure 1 of Ref. [8] for example). At 15 kbar, and above, there seems to be only one transition, so that Tp2 must have risen sharply with P in this region.
There is a first order transition at 38 K [8, 12] which falls rapidly with pressure (about 1 K per kbar [7] [19, 53] (1).
2) Calculation of fourth-order terms ; in particular, the term C34 xQ2 xF2 which is responsible for the first order transition at 38 K, the locking to the 4 a period, and the peculiar properties of the state below 38 K.
3) Calculations of the interaction parameters in more realistic models to account for various screening effects, polarizability of molecules, etc.
4) The redistribution in charge of the molecules brought about by the translations and rotations. This redistribution changes the electron-phonon coupling constants considerably. Also, non-rigid distortions (intra-molecular phonons) must be considered.
5) The variation of the various parameters with volume, that should account for the rather complicated phase diagram observed.
6) The microscopic theory of the Peierls transi-(') Recent calculations show that the interaction between similar chains in the c* direction is strong (all(cl2), a22(cl2) -50 meV). atoms (03C4i(r -Rni) = 03B4(r -Rnl)) then
The summation over n can be broken into four summations over the four bridges shown in figure 12 .
For the first bridge (see Fig. 12 ) [25] . These values were used in the calculations of the charge densities listed in table II.
cule (see Fig. lb 
